With the aim of predicting perceived blend between arbitrary instrument showing the collinearity or independence among regressors. The PLSR technique used 150 here is SIMPLS (de Jong, 1993) , in its implementation for MATLAB. obtain an ideally independent set of variables, the selection is constrained to variables 187 such that the angles φ i between variable loadings and the ith axis are less than 22.5
• .
188
This constraint yields an approximately orthogonal set of regressors X ortho , on which 189 the final PLSR model is computed.
190

Perceptual data sets
191
The regression analysis considers two data sets that originate from listening design, yet they employed similar blend ratings, with the medians across participants 195 taken as the dependent variable y to be modeled through PLSR.
196
The stimuli were presented over a standard two-channel stereophonic loudspeaker subjectively, anchored to a global reference for all dyad or triad conditions. The 205 equalization was conducted by five people for dyads and six for triads. Gain levels were determined that equalized stimulus loudness to the global reference. These gain levels
207
were based on median values across participants; all corresponding interquartile ranges 208 were less than 4 dB.
209
For the main experiments, participants with varying degrees of musical experience 210 were recruited from the McGill University community. All participants passed a 211 standardized pure-tone audiogram (ISO 389-8, 2004; Martin & Champlin, 2000) 212
ensuring that thresholds at all audiometric frequencies were less than or equal to triads and generated the same consonances (perfect fourths) and a single dissonance
259
(minor seventh). Such quartel chords were neutral enough not to draw attention to any 260 one melodic voice, while allowing 'inside', middle voices to be easily heard.
261
In terms of instrumentation, the triads were composed of flute, oboe, B clarinet,
262
tenor trombone and cello sounds, corresponding to the instrument families woodwinds,
263
brass, and strings. The instrument selection for triads (see Table 2 were recorded at mezzoforte dynamics. Unlike the wind instruments, they decayed after 277 just a brief bow stroke, in order to be more similar to the pizzicato versions, which 278 occurred at forte to allow for a longer sound decay. All cello sounds contained vibrato.
279
The total duration for all triads was limited to 850 ms by applying an artificial 100-ms 
halfway between x a and x c , and 1 when x b = x c . These three regressor types apply to 310 most of the investigated acoustical descriptors but not all, based on whether the 311 association is appropriate or not, as indicated in Table 3 .
312
[-Insert 
476
As shown in Figure 6 , the y unison fit appears a closer fit to the diagonal than for 477 the complete dyad data (Figure 3 ), but the blend ratings only span a relatively narrow 478 scale range. This may result from a reduction in the perceptual resolution among the 479 unison dyads due to the dominant distinction between unison and non-unison dyads.
480
The reduced resolution also makes it more likely for the variation in median blend 481 ratings to contain increased noise levels, supported by the large discrepancy between R 2 482 and Q 2 in the initial models. The main distinction found in Figure 12 (Kendall & Carterette, 1993; Lembke et al., in press ). The pronounced difference 562 obtained in the current results, however, seems to exceed those previously reported,
563
which could be related to the current study being the only one in which unison and 564 non-unison were presented in a common stimulus set, whereas in other studies both 565 interval types had been grouped into separate experimental blocks (Kendall & 566 Carterette, 1993; Lembke et al., in press ) or had even been tested in separate 567 experiments (Sandell, 1995) .
568
In addition, even the second-most important factor in explaining the variation 569 among dyads, f 0|ERB , is unrelated to spectral features, as it reflects differences in pitch also worth noting that inverting the assignment of instruments to the two pitches had 574 no effect on blend ratings. This negative finding goes counter to many claims in 575 orchestration treatises that the order of pitch assignment affects blend. It thus supports 576 the conclusion by Sandell (1995) that timbral inversion does not appear to influence blend; only a single finding argues in its favor (Kendall & Carterette, 1993 , 2015; Reuter, 1996; Sandell, 1995; Tardieu & McAdams, 2012) . Differences to decreased blend. For instance, oboe paired with horn yields a higher composite 623 centroid due to the oboe's higher main formant, which at the same time increases the 624 frequency distance to the horn's low main formant, whereas for horn and bassoon, both 625 main formants are relatively low and, moreover, practically coincide in frequency.
McAdams
626
The results for triads expand previous knowledge beyond dyadic contexts. Even if we consider the notion of blendability of a particular instrument, the oboe should be 658 considered a poor 'blender', which can be explained spectrally by its prominent and 659 unique formant structure. Similar observations linking oboe to poor blend have been 660 made in previous perceptual investigations (Kendall & Carterette, 1993; Reuter, 1996; 661 Sandell, 1995; Tardieu & McAdams, 2012) as well as 'prescriptions' found in 662 orchestration treatises (Koechlin, 1954; Reuter, 2002) . On the other hand, the horn is 663 generally considered an easily blendable instrument, again reflected in perceptual results (Reuter, 1996; Sandell, 1995 future work on blend-prediction models to rely on perceptual data obtained from 715 stimuli involving musical contexts (Kendall & Carterette, 1993; Lembke et al., in press; 716 Reuter, 1996) , as it provides a more realistic setting from which weights between 717 blend-related factors could be estimated. We thus propose the need for a 718 meta-analytical investigation into a diverse range of perceptual blend data, in an 719 attempt to move toward generally applicable blend-prediction techniques.
Footnotes
Research Council grant (RGPIN 312774-2010) Figure 1 . Pitch-generalized spectral envelope of a horn with identified frequencies for formant maxima and 3 dB bounds (see Lembke & McAdams, 2015 Figure 2 . Pitch-generalized spectral envelopes of oboe (blue) and flute (red). F prom characterizes the existence and clarity of formant features (e.g., 3 dB formant bounds); the larger the total shaded area, the more prominent the instrument's formant structure. F mag evaluates the total magnitude difference between spectral envelopes at formant frequencies. F f req quantifies the deviation between formant frequencies. 
